Introduction
Tissue engineering aims to repair, rebuild, and regenerate damaged tissues or organs by using and combining cells, scaffolds, and biologically active molecules such as growth factors and cytokines (Bonassar and Vacanti, 1998; Neel et al., 2014) . There are various approaches for tissue engineering strategies. However, from the point of view of the biomaterials field, one of the most preferred approaches is the utilization of biomaterials to construct implants in order to replace damaged tissues and support the cells to build up new ones. These temporary scaffolds serve as a template for the renewing tissues, and by addition of bioactive substances to these scaffolds, differentiation and growth of cells are provided and enhanced.
Different sources of biomaterials can be used to construct the scaffolds; however, the following criteria should be considered for the choice of a suitable platform. Biodegradation rate is an important parameter that affects cell proliferation and growth, implant integrity, and host response. Another factor is the porosity of three-dimensional scaffolds. The interconnected porous structure of the scaffold enhances cellular adherence and tissue regeneration (Martina and Hutmacher, 2007) . Biocompatibility, suitable surface chemistry, and mechanical properties are also crucial parameters that influence the success rate of the implant.
Biodegradable aliphatic polyesters have great potential to supply the above criteria, and among these polymers, poly-L-lactic acid (PLLA) is one of the most seasoned thermoplastics that is utilized extensively to build tissue engineering scaffolds. PLLA has many advantages, such as renewability, biocompatibility, processability, and energy efficiency (Rasal et al., 2010) . However, the brittle and hydrophobic nature of PLLA complicates its usage for tissue engineering applications. Therefore, further modifications are applied to PLLA. Blending PLLA with another polyester that has a more flexible nature and rapid crystallization rate is a strategy to improve the thermal and mechanical characteristics of the polymer. This blend will exhibit new features that can be optimized to be used in scaffold construction. Polybutylene succinate (PBS) is a suitable candidate for this application. It has a low glass transition temperature and higher crystallization rate and processability. In addition, the degradation product of PBS is succinic acid, which is converted to CO 2 and H 2 O in the tricarboxylic acid cycle. Blending PLLA and PBS results in a lower crystallization temperature (Shibata et al., 2006) . Besides, by determining a convenient composition, the blend can have high flexibility. This parameter is very important for neural tissue engineering as tubular forms are more attractive for scaffold design. In addition to flexibility, the porous structure of the scaffold is also a desired property. This porous structure enables the release and permeation of bioactive substances incorporated into the scaffold or released by the cells cultured on the scaffold, which supports regeneration of the surrounding tissue and cells.
In this study, the potential usage of PLLA/PBS blends for neural tissue engineering was investigated for the first time. First, different compositions of PLLA/PBS blends were prepared in a sponge structure and the degradation rates of these blends in the physiological environment were determined. In addition to scaffold characterization, biocompatibility of PLLA/PBS blended scaffolds was examined by culturing Schwann cells on these scaffolds for 21 days.
Materials and methods

Materials
PLLA was purchased from AppliChem (A5489, 0100, Germany) and PBS was purchased from Sigma-Aldrich (448028, USA). Dichloromethane (Riedel-34856, Germany) was used as a solvent. For in vitro studies, Schwann cells were obtained as an immortalized cell line from the ATCC (SW10, CRL-2766). The CellTiter 96 aqueous nonradioactive cell proliferation assay (Promega, G5421, USA), Dulbecco's modified Eagle's medium (DMEM) (GIBCO, 41966-029, USA), Dulbecco's phosphate-buffered saline (DPBS) (PAN Biotech, P04-37500, Germany), TrypLE Express Enzyme (GIBCO, 12605-010, USA), fetal bovine serum (FBS) (GIBCO, 10108-165, USA), dimethyl sulfoxide (Applichem, A3006, 0100, Germany), penicillin-streptomycin solution (GIBCO-15140-122, USA), glutaraldehyde solution (Sigma-Aldrich, G5882, USA), cacodylic acid sodium salt trihydrate (AppliChem, A2140, 0100, Germany), Alexa Fluor 546 phalloidin (Thermo Fisher, A22283, USA), DAPI (4' ,6-diamidino-2-phenylindole, dihydrochloride) (Thermo Fisher, D1306, USA), formaldehyde solution (Sigma, F8775, USA), and Tween 20 (Sigma, P9416, USA) were used for degradation and in vitro cell culture studies.
Scaffold fabrication
Sponges from biodegradable PLLA and PBS polymers at different blend ratios were prepared using solvent casting and the particulate leaching method. Polymer blends (1:1 and 2:1 w/v) were weighed respectively and dissolved in dichloromethane at different total polymer concentrations (6%, 4%, 3%, and 2% w/v). Sieved sodium chloride particles (NaCl; size: between 300 µm and 500 µm) were added to the solution in order to create pores. The solution was then cast onto glass templates and allowed to evaporate overnight at room temperature. NaCl particles were removed from the sponges in dH 2 O. After removal of NaCl, the scaffolds were freeze-dried and cut into equal sizes (square shaped, 1 cm 2 ) for scaffold characterization and in vitro studies ( Figure S1 ).
Scanning electron microscopy (SEM) analysis
Fabricated scaffolds were coated with gold before SEM observations. SEM was carried out with a Carl Zeiss instrument (EVO, Germany) . In order to analyze and calculate the percent porosity of scaffolds and pore size distribution, ImageJ porosity analysis software was utilized.
Degradation study
Degradation of the polymeric sponges was performed in DPBS 1X solution (pH 7.4) at 37 °C in a shaking water bath for 120 days. The dry samples were first weighed and then sterilized in 70% EtOH. After sterilization, the samples were placed in 10 mL of DPBS solution separately. The pH of the solutions was measured at days 7, 15, 30, 45, 60, 75, 90, and 120 . Designated samples for the determined time intervals were removed from the solutions and freeze-dried for weight measurement. All experiments were performed in triplicate.
2.2.3. In vitro cell culture studies 2.2.3.1. Cell seeding on polymeric sponges Schwann cells were used for in vitro cell culture studies and grown in DMEM supplemented with 10% FBS and 1% penicillin-streptomycin solution in a humidified 5% CO 2 atmosphere at 37 °C. Schwann cells were harvested from a monolayer Schwann cell culture by TrypLE Express Enzyme. The PLLA/PBS sponges were sterilized in 70% EtOH for 3 hours at 4 °C. After removal of EtOH, the sponges were incubated in DMEM overnight and then the cells were seeded on sponges at a density of 50,000 cells/ sample. Growth medium was renewed every 3 days and the cells were incubated in a CO 2 incubator at 37 °C and 5% CO 2 .
Cell proliferation assay
The proliferation of the Schwann cells seeded on the polymeric sponges was measured at days 1, 7, 14, and 21. The CellTiter 96 nonradioactive MTS cell proliferation assay was used to determine the number of cells on the polymeric sponges. MTS is a tetrazolium compound that is reduced and converted to formazan in viable cells by NAD(P)H-dependent dehydrogenase enzymes. Formazan is a colored compound and the metabolic activity of viable cells is measured by the absorbance of the generated formazan dye at 490-500 nm. MTS reagent was added to each well of the 24-well plates and incubated for 2 hours at 37 °C in a CO 2 incubator. Absorbance was determined at 490 nm using an ELx808 Absorbance Microplate Reader (BioTek, USA) and converted to cell number using a calibration curve. All experiments were performed in triplicate.
SEM analysis
In order to examine cell adhesion and proliferation, cells (20,000 cells/sample) were seeded on polymeric sponges and the samples were analyzed by SEM on days 7, 14, and 21. In order to prepare the scaffolds for SEM analyses, the cells on the scaffolds were fixed with 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer (pH 7.4) for 1 h at room temperature. After the fixation, the samples were incubated in 0.1 M sodium cacodylate buffer (pH 7.4) at 4 °C until observation. The samples were air-dried and coated with gold before SEM observation. SEM analysis was carried out with a Carl Zeiss instrument (EVO, Germany).
Immunocytochemistry analysis by confocal microscopy
To investigate the cell adherence and cell morphology on porous sponges, cells (20,000 cells/sample) were seeded on polymeric sponges and the samples were stained with Alexa Fluor 546 for F-actin and DAPI for nuclear DNA. The samples were analyzed with a confocal microscope on days 1, 7, 14, and 21. The samples were fixed with 3.7% formaldehyde including 0.1% Tween 20 for 30 min. After fixation, the cells were rinsed with DPBS 1X and incubated with 3% FBS in DPBS 1X for 30 min at room temperature. Then the cells were incubated in 1:100 dilute Alexa Fluor 546 solution (1% FBS in DPBS 1X) for 45 min. After labeling the cells, samples were rinsed again and cell nuclei were stained with DAPI solution at a 1:1000 dilution (1% FBS in DPBS 1X). The samples were then rinsed, mounted, and incubated in DPBS 1X (pH 7.4) at 4 °C until observation. The analysis was performed with a Carl Zeiss LSM 700 confocal microscope.
Statistical analysis
Statistical analysis was performed by two-tailed t-test using Excel. Differences were evaluated as statistically significant at P ≤ 0.05.
Results
Scaffold characterization by SEM
The blends of PLLA/PBS polymeric sponges were visualized by SEM (Figure 1 ) and the porosity of the samples was analyzed. Porosity percentages of different polymer blends were calculated and are listed in the Table. As seen in Figure 1 , no significant difference was observed with respect to pore size (around 280 µm) among the samples. Still, porosity analysis showed that the porosity of PLLA/PBS (3%, w/v, 2:1) samples was slightly higher compared to other samples (Table) , and this was correlated with the higher PLLA ratio in the blend. As the PBS ratio increases in the blend, PBS is aggregating in PLLA as islands and the nucleation sites are increasing in the structure. In addition, the viscosity of the blend decreases and the pores collapse (Ma et al., 2012) , which leads to a lower number of pores.
In vitro degradation study: pH changes and weight loss
Throughout 120 days of incubation, there was a significant decrease (P ≤ 0.05) in the pH of the sample solutions ( Figure 2) . A slower decrease in pH was observed in the PLLA/PBS (3%, w/v, 2:1) sponges compared to PLLA/PBS (6%, 4%, 2%, w/v, 1:1) sponges. This was correlated with a higher concentration of PLLA in the blend. At the end of 120 days of incubation, the pH differences between PLLA/ PBS 6% and 4%, w/v, 1:1, were not significantly different (P ≤ 0.05), and it was around 6.9. There was not a significant difference (P ≤ 0.05) between PLLA/PBS 2%, w/v, 1:1, and PLLA/PBS, 3%, w/v, 2:1, which was around 7.1. These two groups had a significant (P ≤ 0.05) difference between them, but the pH decrease throughout 120 days was not sharp in all sponges. The minor pH reduction was caused by acidic groups that formed due to the biodegradation of PLLA.
In order to determine the percentage of weight loss, all samples were incubated in a DPBS solution (1X) for 120 days at 37 °C in a shaking water bath. It was observed that almost 25% of the weight of PLLA/PBS (6%, 4%, 2%, w/v, 1:1) and 18% of the weight of PLLA/PBS (3%, w/v, 2:1) were lost at the end of 120 days of incubation (Figure 3) . The weight loss percentages among the blends of PLLA/ PBS 6%, w/v, 1:1, PLLA/PBS 4%, w/v, 1:1, and PLLA/PBS 2%, w/v, 1:1 were not significantly different (P ≤ 0.05), but the weight loss of the PLLA blends 1:1 group was significantly higher (P ≤ 0.05) than PLLA/PBS 3%, w/v, 2:1 at the end of 120 days of incubation. The PLLA ratio and percentage distinctly affected the degradation trend of the scaffold. The structural integrity of sponges was lost after day 30 for PLLA/PBS (6%, w/v, 1:1), while other samples retained their structural integrity until day 45. At the end of 120 days of incubation, PLLA/PBS (3%, w/v, 2:1) and PLLA/PBS (2%, w/v, 1:1) retained most of their physical state. However, PLLA/PBS (2%, w/v, 1:1) lost its structure and the width of the scaffold decreased extensively. This may cause physical collapse of the scaffold implanted in vivo. Therefore, at the end of characterization studies, the most promising blend was determined to be PLLA/PBS (3%, w/v, 2:1).
Schwann cell proliferation on PLLA/PBS sponges by MTS assay
The CellTiter 96 nonradioactive cell proliferation MTS assay was performed to examine the effect of PLLA/PBS sponges on Schwann cell proliferation for 1, 7, 14, and 21 days of incubation (Figure 4) .
The results show that all the blends were biocompatible and not cytotoxic. On day 7, when cell proliferation rates of the groups were compared to each other, the highest cell number was observed in PLLA/PBS (3%, w/v, 2:1), and it was significantly (P ≤ 0.05) higher than in other blends. However, due to focal contact inhibition, the cell number decreased on day 14 and day 21 for PLLA/PBS (3%, w/v, 2:1), and this blend presented a slightly lower cell number than PLLA/PBS 6%, w/v, 1:1, PLLA/PBS 4%, w/v, 1:1, and the control groups at the end of 21 days. At the end of the study, the cell number differences between the PLLA/PBS 6%, w/v, 1:1 blend, PLLA/PBS 4%, w/v, 1:1 blend, and the control group were not significantly different (P ≤ 0.05). However, the cell number for PLLA/PBS 2%, w/v, 1:1 was distinctly lower than in all other groups, and the difference was statistically significant (P ≤ 0.05). On day 21 it was also seen by light microscopy that the cells tended to detach from the scaffold surfaces as cellular sheets (data not shown), and cell numbers decreased for all blends except PLLA/PBS (6%, w/v, 1:1).
Scanning electron microscopy
Schwann cells (20,000 cells/sample) were seeded on PLLA/ PBS sponges and incubated for 21 days. Cell adherence and proliferation were visualized by SEM (Figures 5A-5L) . Localization of cells around the interconnected pores was investigated. The results showed that the cells adhered in the pores of the sponges and cellular interactions were provided. The results also demonstrated that the 3-D porous structure of polymeric sponges was maintained for 21 days, and the cells elongated in these pores and underwent cellular interactions. For PLLA/PBS (2%, w/v, 1:1) sponge, the cells adhered to the material surface on day 7, and cellular sheets occurred on day 14 ( Figures 5A and  5B) . However, the cell number decreased on day 21 due to the degradation of scaffolds and focal contact inhibition ( Figure 5C ). A similar situation was observed for sample PLLA/PBS (3%, w/v, 2:1) ( Figures 5J-5L) ; however, the porosity was lower compared to PLLA/PBS (2%, w/v, 1:1). It was also seen that the cells adhered in the pores of PLLA/PBS (4%, w/v, 1:1) ( Figures 5D-5F ) and PLLA/PBS (6%, w/v, 1:1) ( Figures 5G-5I ) sponges, and the cellular proliferation rate was lower in these samples compared to PLLA/PBS (2%, w/v, 1:1) and PLLA/PBS (3%, w/v, 2:1), as supporting results were also obtained from the MTS assay.
Confocal microscopy
The morphology and proliferation of Schwann cells on PLLA/PBS sponges were visualized by confocal microscopy throughout 21 days of incubation ( Figures 6A-6P ). It was observed that there were a few cells on the scaffolds and the cells were rounder on day 1 ( Figures 6A, 6E , 6I, and 6M). However, on days 7 and 14 the cells showed ordinary Schwann cell morphology with neural cell extensions ( Figures 6B, 6C , 6F, 6G, 6J, 6K, 6N, and 6O). It was observed that the polymer sponges were biocompatible and the cells were able to survive on these sponges. Cellular attachment was detected around and in the inner part of the pores. The presence of cell sheets was observed in PLLA/PBS (2%, w/v, 1:1) and PLLA/PBS (3%, w/v, 2:1) samples especially ( Figures 6J, 6K , and 6O). The cells were localized in the pores and tended to form cell sheets on sponge structures. However, due to the degradation of the scaffold and contact inhibition, the cell number decreased on day 21 ( Figures 6D, 6H , 6L, and 6P), as was also confirmed by MTS and SEM results.
Discussion
The goal of this study was to evaluate the potential of PLLA/ PBS sponges as a scaffold for neural tissue engineering. PLLA is one of the most preferred polyesters in tissue engineering that has been used in many forms such as sponges, fibers, and films (Roether et al., 2002; Yang et al., 2004a Yang et al., , 2004b Wojasinski et al., 2013; Caldara et al., 2014) . PBS has also been used in bone and cartilage tissue engineering with several applications including coating, micropatterning, and electrospinning (Ishioka et al., 2002; Coutinho et al., 2012; Wang et al., 2012; Wei et al., 2012; Arphavasin et al., 2013) . Oudega et al. (2001) investigated the effects of PLLA tubular scaffold implantation on spinal cord injury. Schwann cells were seeded on scaffolds and implanted in a transected adult rat thoracic spinal cord. It was observed that axonal growth was provided with extensive vascularization after 4 months. However, it was also found that in some animal studies the tubular implants broke into large polymer pieces because of the crystalline structure and brittle nature, and this breakage diminished the regeneration (Oudega et al., 2001) . PBS is known to have better processability and mechanical properties than PLLA (Ishioka et al., 2002; Li et al., 2005; Xu et al., 2010 , Arphavasin et al., 2013 . Besides, PBS has a very high tensile strength that makes the polymer suitable for tissue engineering applications (Tserki et al., 2006) . Therefore, we have used blends of PLLA with PBS in order to increase the processability of the polymer. There are some studies investigating the biocompatibility of PBS/PLA blends (Hua et al., 2010 (Hua et al., , 2012 . However, the potential of Schwann cellseeded PLLA/PBS polymeric sponges has not been studied in the literature yet. In our study it is shown that PLLA/ PBS sponges can be promising scaffolds for neural tissue engineering. According to Shibata et al. (2006) , PLA/PBS blends have a higher tensile strength compared to pure PLA or PBS. It was demonstrated by Hua et al. (2012) that PLA/PBS blends have good biocompatibility and result in a mild and acceptable inflammatory response when implanted in rats subcutaneously. In the present study, MTS analysis showed that PLLA/PBS scaffolds were not cytotoxic, and Schwann cells survived on these scaffolds for up to 21 days. On day 21, the cell numbers were very similar and close to the tissue culture polystyrene (TCP) control for PLLA/ PBS blends, except for PLLA/PBS (2%, w/v, 1:1). In this blend, the cell number decreased significantly on day 21. This might be related to the degradation of the scaffold and focal inhibition, as it was observed that cellular sheets were detaching from the sponge surfaces. Supporting our findings, it was stated in one of the studies (Casella et al., 2000) that there was a significant decrease in the rate of Schwann cell growth when the cell densities were higher, and the Schwann cell response to mitogen was regulated by a density-dependent mechanism that might be autocrine inhibitor production or contact inhibition. In other studies (Augenlicht et al., 1974; Bard et al., 1986) , it was also mentioned that the proliferation rate decreased significantly in confluent cell cultures compared to sparsely seeded cells. It was also stated by Park et al. (2013) that when there was less available space for the cells to proliferate, there was a smaller number of adhered cells and less proliferation. These results also supported our findings both in the TCPS (control) group and in PLLA/ PBS 2%, w/v, 1:1 and 3%, w/v, 2:1 blends for day 21. In addition, Schwann cells tend to form cellular sheets, and this is a desired feature for neural tissue engineering. Cell sheet engineering is another promising approach for nerve tissue engineering, and it was demonstrated that Schwann cell sheets can support neural regeneration by !! secreting a high amount of neurotrophins (Pesirikan et al., 2013) . The scaffolds that we constructed also enabled the Schwann cells to form cellular sheets that can enhance the regeneration process. These data were also supported by SEM and confocal microscopy results. Cellular sheets were visualized around and inside the pores of the scaffolds by confocal microscopy and all of these results supported the potential of the polymeric sponge to be used in neural tissue engineering. Supporting our results, Vilariño-Feltrer et al. (2016) asserted that Schwann cell sheets on hyaluronic acid conduits can be used to restore damaged neural tracts. It was demonstrated that the seeded Schwann cells covered the inner surface of the constructed conduit after 10 days of culture and formed an inner continuous !! cell tube from the cellular sheet. It was concluded in the study that these biohybrid tubular structures may have the potential for reconnecting the neural cells both for central and peripheral nerve tissues (Vilariño-Feltrer et al., 2016) . In our study, it was observed that PLLA/PBS (2%, w/v, 1:1) and PLLA/PBS (3%, w/v, 2:1) blends triggered cellular sheet formation after 7 days of incubation, but after day 14, due to contact inhibition, Schwann cell sheets detached from the sponge surfaces.
One of the main reason for choosing a sponge structure was to construct a suitable environment for Schwann cells, which naturally secrete cellular extracts and neurotrophic factors such as ciliary neurotrophic factor and neurotrophins. The diffusion of these agents to the environment provides nutrition, axonal growth, differentiation, and survival of neural cells, which contributes to the regeneration process (Schmidt et al., 2003; Angelov et al., 2007) . Schwann cells are known as support cells of the peripheral nervous system, and they are utilized to promote axonal regrowth both in peripheral and in central nervous system defects for neural tissue engineering (Blakemore et al., 1977; Frostick et al., 1998; Nomura et al., 2006) . There are also studies showing that the usage of Schwann cells in central nervous system injuries enhanced the regeneration process, and this effect was suspected to be provided by the secreted neurotrophins from the Schwann cells. According to Wang and Xu (2014) , injection of Schwann cells directly into the lesion site at the midthoracic level in adult rats promoted myelination of regenerating axons. The transplanted cells survived until week 24 and migrated along the central canal. However, they concluded that the Schwann cell transplantation strategy should be combined with other approaches for significant functional recovery. The idea was also supported by Yuan et al. (2009) , who showed that transplantation of Schwann cells alone had drawbacks such as short migration distance and that 3-D scaffolds gain importance for providing growth of nerve fibers and regeneration. Kamada et al. (2005) seeded bone-marrow stromal cell-derived Schwann cells on a nondegradable tubular scaffold made of polyether sulfone ultrafiltration membrane and implanted the scaffold in a transected rat spinal cord. It was observed that central axon regrowth was promoted and functional recovery was enhanced as a result of implantation.
In terms of biodegradability of the polymer sponge, a 120-day degradation study was performed and different blend ratios were analyzed. In one of the earlier studies it was stated that in vitro degradation behavior of polymers can be utilized to predict the in vivo degradation profile. To mimic in vivo conditions, polymers are generally incubated at 37 °C in PBS and either static or continuous agitation is performed (Costa-Pinto et al., 2014) . We used a similar approach for the degradation study and we monitored both the pH difference and the weight loss of the sponges. The structural integrity of the sponges was also examined. For the performance of cell-seeded scaffolds, the degradation behavior is important for cell proliferation, regeneration, and immune response. The rate of degradation should be compatible with the healing rate of the targeted tissue (Babensee et al., 1998) . There are limited studies considering hydrolytic PBS biodegradation for medical applications. However, PBS is frequently used for nonmedical applications and there are different studies investigating PBS degradation in soil-burial biodegradation tests (Liu et al., 2009; Zhang et al., 2013) . Liu et al. (2009) performed a biodegradation study of PBS film and PBS/jute fibers; the degradation was carried out by burying the sample in compost soil. It was observed that 30% of the pure PBS film was degraded by the end of 180 days. Using the same strategy that we used in our study, Li et al. (2005) performed a hydrolytic degradation of poly(butylene succinate) films, and at the end of 9 weeks, 90 ± 5.2% of the initial weight remained. However, after 15 weeks, this value dropped to 35 ± 4.0% (Li et al., 2005) . Regarding PLLA degradation behavior that depends on the crystallinity of the polymeric structure (Miller et al., 1977) , Wu and Ding (2004) determined that PDLLA porous scaffold weight did not change significantly at the end of a 26-week degradation study. Supporting this study, Lu et al. (2000) studied the degradation profile of a PLLA foam structure with different porosity levels (0.67, 0.79, and 0.91 porosities for the constructs treated with 70%, 80%, and 90% initial salt weight fraction, respectively) and different thicknesses for 46 weeks. It was determined that the initial weights and thicknesses did not change in the constructs treated with salt particles of 106-150 µm during the degradation study. It was also stated in this study that thicker pore walls resulted in faster foam degradation due to an autocatalytic effect, and as the degradation products and carboxylic groups were accumulating inside the pores, faster degradation was triggered (Lu et al., 2000) . In our study, similar to this result, we have also observed faster degradation of the sample PLLA/PBS (6%, w/v, 1:1) polymer blend. Since the PBS concentration in 1:1 blends was higher than in the 2:1 blend, PBS degraded faster than PLLA in the sponge, which led to the loss of structural integrity in these blends. Similar results were obtained in different studies (Can et al., 2011) . There is a limited number of studies in the literature considering PLLA/PBS blend degradation. Therefore, each polymer was investigated for its own characteristics. Recently, it was reported by Kimble et al. (2014) that after a 24-week degradation study, the molecular weight of 75:25 wt.% PLLA/PBS decreased to 2.8 × 10 3 g/mol from an initial molecular weight of 49 × 10 3 g/mol. Zhang et al. blended PLLA with PBS in a melt state and carried out a biodegradation study for 60 days by burying the samples in soil . Different blend ratios were prepared and 8.5% and 9.5% of initial weights were lost for the samples of PLLA/ PBS 60:40 and 40:60, respectively, at the end of 60 days. Although a different methodology was tested to determine the biodegradation rate of PLLA/PBS blend in this study, Zhang et al. (2013) determined that higher PLLA amount in a PLLA/PBS blend resulted in a slower degradation rate compared to the PLLA/PBS blend with a higher PBS ratio in a soil-burial test, and these data also support our results. In our study, after 120 days of incubation, almost 25% of total weight was lost in PLLA/PBS sponges (6%, 4%, 2%, w/v, 1:1), while this value was around 18% for PLLA/PBS (3%, w/v, 2:1). It can be asserted from these results that the degradation rate is relevant to the PBS ratio in the polymer sponges. Regarding the pH differences of the samples during 120 days of incubation, there was a pH decrease of the incubation solution from 7.4 to around 7.1-6.9, respectively, for PLLA/PBS 3%, w/v, 2:1 and PLLA/PBS 6%, w/v, 1:1. We did not observe a sudden decline in pH that could harm the implanted tissue. There was no burst of material during the degradation study that could cause a significant problem in vivo. Increased acidity can cause the decrease of cell viability (Wuertz et al., 2009) . During the degradation, pH decrease showed a smooth pattern, which also proved that the constructed sponges were convenient for tissue engineering applications.
In this study, the potential in vitro usage of PLLA/ PBS polymeric sponges for neural tissue engineering was investigated. Different concentrations and ratios of polymeric blends were used to prepare tissue engineering scaffolds and their in vitro characterization was carried out in terms of porosity, biodegradation behavior, and biocompatibility using Schwann cells. At the beginning of our experiments, PLLA/PBS (8%, w/v, 6:2), PLLA/PBS (6%, 4%, 3%, w/v, 2:1), and PLLA/PBS (8%, 6%, 4%, 2%, w/v, 1:1) blend ratios were prepared and characterized (data not shown). It was determined that the morphological structure of the blends PLLA/PBS 8%, w/v, 6:2, 6%, 4%, w/v, 2:1, and 8%, w/v, 1:1 were not suitable for further analysis. Phase separation and nonhomogeneous pores were observed ( Figure S2 ). Therefore, PLLA/PBS (6%, 4%, 2%, w/v, 1:1) and PLLA/PBS (3%, w/v, 2:1) were chosen for further characterization studies.
According to the results, the PLLA/PBS (3%, w/v, 2:1) blend is more convenient for supporting Schwann cell attachment and proliferation compared to other blends. The PLLA/PBS (3%, w/v, 2:1) blend retained its structural integrity until day 120 of the biodegradation study. Furthermore, the acidity of the incubation solution did not increase significantly. In terms of biocompatibility studies, cell number was almost the same as in the control group at the end of 21 days of culture. Confocal images and SEM images also showed that the cellular attachment was higher on these scaffolds and the cells penetrated inside the pores. There are very limited studies regarding PBS in tissue engineering due to its lower biocompatibility compared to other polyesters. However, the flexible nature of the polymer makes it convenient for the construction of tissue conjugates with different 3-D structures, especially when blended with different materials. Our study supported the finding that PBS, when blended with PLLA, was a suitable alternative for neural tissue engineering studies. Schwann cells are known as supportive cells of the peripheral nervous system. The positive effects of Schwann cell transplantation not only for peripheral nervous system injuries but also for injuries of the central nervous system were proven in many studies in the literature. Therefore, in this study, PLLA/PBS sponges were combined with Schwann cells and the construct's performance was investigated in vitro to show the efficiency for neural tissue engineering. Based on these results, this tissue-engineered construct will be further investigated in in vivo experiments. 
